Records-based research plays an important role in medicine (1, 2), especially in the improvement of care for combat-wounded service members. Although it is possible to follow a combat brigade (3) or patients with shoulder dislocations (4) prospectively, many questions, such as determining the effects that wound contamination has on wound infection, would be unethical to perform in a prospective manner. In situations such as these, where ethical or logistical restraints are prohibitive of prospective studies, retrospective research is critical.
Records-based research plays an important role in medicine (1, 2) , especially in the improvement of care for combat-wounded service members. Although it is possible to follow a combat brigade (3) or patients with shoulder dislocations (4) prospectively, many questions, such as determining the effects that wound contamination has on wound infection, would be unethical to perform in a prospective manner. In situations such as these, where ethical or logistical restraints are prohibitive of prospective studies, retrospective research is critical.
The importance of military-based, retrospective studies can be seen by looking at recent studies examining the epidemiology (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) , complication rates (15) (16) (17) (18) (19) (20) (21) (22) , and outcomes (23) (24) (25) (26) (27) of military personnel injuries. These studies have not only helped improve orthopaedic care for both service members and civilians alike, but also aided researchers and institutions in determining the feasibility of future studies (1, 28) . Still, there remains a need for the improvement in the efficiency with which these retrospective projects can be completed (29) .
Many of the larger, retrospective studies within the military involve service members from various bases who are treated at different institutions (5) . Unfortunately, there is no centralized data source that contains the medical information necessary to appropriately address most combatand noncombat-related research topics. Additionally, there are many barriers that are frequently encountered when trying to perform records-based research within the military. These include databases being maintained solely for medical treatment reasons, incomplete information within databases and registries, frequently changing points of contact for data systems, institutional review boards (IRBs) not having knowledge of what is contained within a data source or why access to the source is necessary for research purposes, the lack of central regulatory oversight committees for data that are not at the researcher's institution, and the inordinate time it takes to obtain access to each of the data sources essential to research projects. For many researchers, overcoming all of these hurdles is too time consuming, confusing, and daunting, thereby preventing them from completing their research project (1, 2, 30) .
During the process of completing an analysis of all major extremity amputations incurred during Operation Iraqi Freedom (OIF), Operation Enduring Freedom (OEF), and Operation New Dawn (OND), the authors encountered many of these obstacles. Although records-based research methodology is project specific and difficult to generalize (31) , this article uses the amputation study as a template to make recommendations for future records-based research projects. Although this article relates closest to combatrelated injuries, the basic research principles and resources described can be extended to noncombat-related diseases and injuries as well. This review further aims to provide instructions as to which agencies need to be contacted, forms to be completed, and approvals are required to 
Methods

Literature
A MEDLINE search was performed to identify articles that discussed records-based research using the following key words: chart review, retrospective research, recordsbased research, methodological studies, and research design. A review was then performed to identify previously published, retrospective studies within the military. These publications were used to identify the data sources that appeared to be the most commonly used within the Department of Defense for orthopaedic surgery research.
Characteristics of Combat-Related Amputations
Although there have been numerous studies examining major extremity amputations incurred during OIF, OEF and OND, there have been substantial methodological differences between them (3, (32) (33) (34) . This lack of homogeneity has resulted in several knowledge gaps for warrelated amputations despite the substantial impact these injuries have on the patients and medical system. The authors wanted to fill this gap by performing the largest single analysis of amputations to date. The first aim of this analysis was to identify the trends and characteristics of amputations that occurred during OIF, OEF, and OND over time (35) .
Data Collection
After obtaining local IRB approval, data collection commenced. As Figure 1 shows, this data collection was a multistep process. The military amputation database, maintained by the Traumatic Extremity Injuries and Amputation Center of Excellence, was first queried to determine the names, amputation level(s), and demographic information for all of the major extremity amputees injured during OIF, OEF, and OND and an amputee case record file (CRF) (Fig. 2) was initiated for each amputee. These names were then provided to the Joint Trauma Theater Registry (JTTR) in order to gather injuryspecific information for each patient. The JTTR was also able to provide epidemiologic statistics relating to the number of trauma admissions to the level IIB and level III facilities in Iraq and Afghanistan, along with deaths related to combat injuries. This information, along with demographic and deployment information on all service branches obtained from the Defense Manpower Data Center (DMDC), allowed for amputation trends to be analyzed.
The military amputation database, JTTR, and DMDC provided data in an organized format. These agencies took the investigators' request, found the information, Obtained a list of all amputees from the OIF, OEF and OND conficts. This information contained date of injury, date of amputation, age at injury and rank. Patient JK identified as having a late amputation.
Wanted to know about the mechanism of injury, type of injury, Branch of Service, treatment facilities, ISS and ICD-9 codes about JK.
Sought out original documentation of JK's transportation records and the specific details of the treatment JK received after his injury at Level II through Level V facilities. This data provided a higher level of detail than the records kept in the JTTR for some information points.
Used outpatient data from followup visits to identify the progress of JK's treatment long after his initial injury. This information provided details about complications sustained and outcomes obtained.
Used disability data to determine if JK was able to return to duty and the types of disabling conditions/ratings he was given. This data also provided us with JK's MOS at the time of his injury.
Casualty statistics for all Service Members involved in OIF, OEF and OND needed for incidence and rates of amputations. FIGURE 2 An example of a CRF that could be used for the major extremity amputation project. Note: None of the information contained in the CRF is accurate. It is used for demonstration purposes only.
and provided the data to the researchers. Such was not the case for the Theater Medical Data Store (TMDS), Web Interface for Scanned Patient Records (WISPR), and Armed Forces Health Longitudinal Technology Application (AHLTA). These systems, once accessed, required the investigators to independently learn the systems and go through each amputee record independently. Because these sources were used to determine finer details about the injuries and treatments of the amputees, data collection from these systems was very time consuming.
The last data source used for the amputation study was the Physical Evaluation Board Liaison Office (PEBLO). This office compiles data on the physical outcomes of those service members who have been severely injured and recommended for a medical board. Each service branch maintains patient data for its service members and no service branch has a formal contact to handle data requests from investigators.
JTTR, AHLTA, TMDS, and WISPR all required applications and approvals separate from, and in addition to, the original protocol. The length of time needed to gain access to these sources varied substantially. Some, such as the JTTR, required only a data request form and took only a matter of days to process. Others, such as TMDS and Patient Administration Systems and Biostatistics Activity (PASBA), required multiple documents to be processed at multiple offices and took over 5 months from application submission to approval.
Problems With Accessing the Necessary Data
There were many unforeseen problems encountered while trying to collect data for the amputation project. Although the length of time required for protocol and data access approval can be affected by many variables, the multilayered approval processes required for TMDS and WISPR substantially increased the time needed to complete the project. These delays were unforeseen and required exibility in regard to data collection and analysis. The investigators were fortunate to have data that could be analyzed from the amputation database and the JTTR while the TMDS and WISPR applications were being processed.
The reason so many different data sources were necessary for the amputation project is that the Department of Defense lacks a centralized data repository. This lack of a centralized data source increases the administrative duties for researchers and forces them to spend substantial time determining which agency, database, or repository contains the desired information. Decentralized data sources are especially problematic when patients have incomplete data in the multiple systems. Such a scenario is not uncommon within the military and it forces investigators to speculate whether data missing from one source either does not exist or if it is just present in a different data system. All of these factors increase the length of time necessary to collect the data and increase the likelihood of being unable to find the necessary information for which they are searching.
There is also no standardization of record keeping across the multiple data sources within the military and it is not uncommon for investigators to find con icting information (e.g., the date an injury occurred or the date surgery took place) between sources. This leads researchers to question the accuracy of the con icting data and makes it difficult to determine which data source should be used for the study. Adding to these inconsistencies is the fact that most data systems differ in design, accessibility, and data storage. These factors make it difficult to locate data, leading some investigators to apply for access to multiple data locations in hopes that one of them will contain the desired data.
Most information obtained in records-based research is often at least two steps removed from the patient (31) and medical records often are not designed to be used for research purposes (Table 1 ). This increases the potential for bias (1) and variability within data (1, 36) . Many of the data sources used in the military are compiled through the efforts of Department of Defense employees examining original charts and entering data into larger databases or registries. It is unknown what types of oversight are in place for these agencies, and many injured service members have electronic charts with well over 50 pages of scanned, barely legible writing.
Although data collection and processing errors may be mitigated by accessing original medical records directly (2), doing so may not be feasible for research projects that include large numbers of patients. In addition, obtaining data directly from patient charts has its own inherent limitations (30) , and gaining access to original patient records, especially from theater, may require lengthy approval processes, such as those the amputation project investigators encountered for WISPR. Further complicating matters, it is currently not possible for a researcher at one medical treatment facility to gain access to another facility's inpatient electronic medical records system. This adds yet another logistical constraint to data collection 
Term Definition
Database A comprehensive collection of related data that is organized for convenient access to the specific data it contains. They are built specifically for certain data and designed to aid with the retrieval, review, and processing of data. Databases should be used to collect data prospectively. They are designed for research purposes and require IRB approval to be built and populated. Data Repository A real-time collection of data from a multitude of different clinical sources. Presents a generalized view of information specific to a specific patient or a large group of patients. These data are collected retrospectively and designed for performance improvement. An IRB-approved protocol is not needed to create a data repository but is needed if it is to be used to answer a research question. Data Set A collection of data, typically kept in a table.
Data Element
The specific unit of data that is entered into one row and/or one column of a data set. Data Collection The process by which data are taken from nonorganized formats and placed into an organized structure. Data collection is used to generate both data sets and databases but not data repositories.
Copyright  2013 by the Southern Orthopaedic Association and forces research teams to either add investigators at other institutions to complete the data collection or forgo the information contained within those records. Although adding researchers to a protocol is not difficult, adding collaborators to protocols in which there are multiple levels of approvals through the TRICARE Management Activities (TMA) and other agencies necessitates additional approval processes. The researchers for the amputation study wanted to look at the inpatient records for all of the amputees in order to gain valuable information regarding the treatment that each amputee was provided at the terminal medical center. However, it was decided that the administrative work and time needed to add investigators to the already approved study was not feasible given the project's timeline.
Data Processing
The collection of data for the amputation study was managed by one author but collected by multiple personnel. Having data collected by multiple individuals allowed each team member to focus on becoming familiar and consistent with one specific data source at a time. The lead author and a data management specialist then organized data using Microsoft Access (Microsoft, Redmond, WA) and Microsoft Excel (Microsoft, Redmond, WA). Although incorrect transfer of data from a case record file to an electronic database can add bias or error (36) , such a transition of data was necessary for the organization and analysis of data from over 1200 research subjects.
Results
The authors were successful in their attempt to analyze the trends and characteristics of the amputees during OIF, OEF, and OND. The data collected included age at the time of injury, date of injury, date of first amputation, rank, amputation level, sex, military operation (OIF, OEF, or OND), dominant injury cause, dominant injury type, battle versus nonbattle injury, branch of service, Injury Severity Score, and Extremity Abbreviated Injury Score for each service member. Ratios such as the number of amputees per 100,000 deployed troops and the number of amputees per 100,000 traumatic admissions were also determined. These data, once organized and analyzed, were shared with an institutional statistician who assisted with graph, table, and figure production. Such visualizations provided the basis of the data section for the paper and allowed the authors to easily portray their data. Trends such as when the majority of amputations occurred, the correlation between service branch and multiple amputation likelihood, and the overall incidence of amputations during the Iraqi and Afghanistan con icts were successfully displayed within the paper.
Discussion
Many important studies that have improved combatcasualty care and furthered orthopaedic science have been performed using records-based research. However, despite their prevalence and importance, these projects are a challenge to complete within a military population because of the difficulties involved with accessing patient data from the multiple data sources.
It became obvious during the completion of the amputation study that there was no clear guidance on how best to obtain the desired data. This caused the investigators to spend a substantial amount of time determining where the information they sought was located and how it could be accessed. To prevent future researchers from encountering these same problems, a table consisting of the most commonly referenced and used Department of Defense data sources is provided ( Table 2) .
Most of the resources listed in Table 2 are centrally owned, meaning that there is an approval process necessary for their use separate from, and in addition to, the processes imposed by the researcher's own IRB. This table would have been extremely valuable to us at the beginning of the amputation study to establish where information may be contained and how to access it. The authors recommend contacting these data systems when initiating a research project. This will allow the researchers to gain a better understanding of what information may be available within each source, while also starting a line of communication with the data system's staff that will undoubtedly be helpful as the project matures.
It is unlikely that the Department of Defense will ever have a fully centralized data source for all patient information; therefore, researchers must continue to access multiple data sources operated by different agencies for many records-based research projects. However, as opposed to trying to gain access to multiple data systems at once, it is recommend that novice investigators identify one source that they think will contain the majority of the desired information and focus on data collection from that source before seeking information from other data systems. This strategy will help investigators gain familiarity and comfort with one source, allowing for an improved understanding of how the system works and the data it contains. There is substantial data contained within many of these data systems, and gaining an indepth understanding of one system for one project is likely to assist with the completion of future projects. The investigators who performed a large number of epidemiological Access must be specified within the IRB protocol.
Second-Level Human Subjects Review and Privacy Review are required by the OUSD P&R and TMA, respectively. The OUSD P&R Second-Level Review
Templates can be found in IRBNet on the OUSD P&R site. OUSD P&R only accepts application materials for Second-Level Review via IRBNet. The TMA DSA application can be found at http://www.tricare.mil/tma/privacy/ downloads/2011Sep16/DSAA.pdf. As part of the application, the investigator must provide a copy of the IRB-approved protocol and signatures from all investigators. http://www.tricare.mil/tma/privacy/ duas.aspx Expense Assignment System (EAS) TMA Expense Assignment System Version 4 (EAS IV) is a cost allocation tool delivering standardized reporting of workload, expense, and manpower data. EAS IV enhances health care resource management and supports decision making at all levels of the MHS.
The point of contact for this system is: csanto@plan-sys.com.
Essentris (Inpatient Electronic Medical Record)
Local MTF or MEDCEN These records are the inpatient medical records kept at each medical treatment facility or medical center. They contain the hospital notes for all patients treated at those facilities. Each time the patient is admitted at a facility a new patient record is started.
Must perform local training for Essentris system at your MTF or MEDCEN. Contact your local IMD for class times. In order to use this system for research, it must be identified as a data source in the IRB protocol. As there is no MHS-wide access to inpatient records outside of the local facility, Investigators must identify collaborators at those outside facilities to access those records. IRB review at the nonlocal MTFs is required.
Copyright  2013 by the Southern Orthopaedic Association System developed by PASBA to capture and access inpatient records and scanned images of loose paper medical documentation from CENTCOM AOR. Inpatient and outpatient paper medical documentation from theater not generated via TMIP or AHLTA.
Must be specified in an approved IRB protocol to receive access to specific medical records. Contact WISPR@pasba2.amedd.army.mil for further information or for an WISPR IRB application template.
Note: Included within this table are descriptions for how to get access to these data sources.
studies using the Defense Military Epidemiology Database (10) (11) (12) (13) (14) and combat-related projects using information from the JTTR are great examples of how becoming familiar with one source can be extremely beneficial (16, 18, (37) (38) (39) . Focusing one's efforts on a single data source will also decrease the amount of time spent waiting for access to multiple data sources. The time needed to gain access can vary greatly between, and within, each data system because the process is quite unpredictable. However, if the investigator has worked closely with a resource in the past, it is likely that the process of gaining access will be faster than it would be otherwise. This was almost certainly a factor in the length of time it took the investigators of the amputation project to gain approval for TMDS and PASBA. Before that study, none of the investigators had worked closely with either agency and they were not familiar with the approval process. The novelty of these data sources led to some delays in paperwork being submitted and instances of both parties asking for additional information, slowing the approval process.
The authors also recommend developing a research team or network of collaborators when completing recordsbased research. Although an individual can certainly complete a research project on his or her own, having a team allows for each individual to concentrate on specific aspects of the study. Such networks can be formal [e.g., the Skeletal Trauma Research Consortium (40)] or informal, but the basic concept of sharing responsibilities in order to increase the efficiency of the team's work remains the same. In the case of the amputation study, one individual was particularly helpful in determining which applications and approvals were necessary to gain access to the desired data, while another was heavily relied on to provide an overarching perspective of the study. Without these key team members, it is likely the research project would not have been completed.
Conclusion
Records-based research plays a vital role in both military and civilian medicine. However, this type of research is not without limitations and barriers, both of which are important to recognize before initiating research projects. The tables and recommendations included in this article should serve as a resource to help investigators determine where they need to look for specific information and how to best successfully complete their planned project. Although the amputation study used as an example is focused on combat-wounded service members, the principles contained within this article can easily be extended to noncombat-related orthopaedic conditions as well.
